Aim: To examine the efficacy and acceptability of online, interactive interventions for smoking cessation and to identify treatment effect moderators and mediators.
INTRODUCTION
Smoking is one of the most significant factors contributing to low life expectancy, health inequalities and ill health worldwide [1] . Smoking prevalence has fallen considerably, especially in developed countries, and yet less than half of smokers ever achieve longterm abstinence despite 70-80% wanting to quit and one-third having made at least three serious quit attempts [2] . This underlines the need for the development of new methods that prevent people from starting to smoke, motivate smokers to quit smoking and sustain long-term cessation.
Effective smoking cessation interventions exist [3] . However, the most effective interventions (such as face-to-face counselling) also have the lowest reach and interventions with the widest reach (e.g. mass media campaigns) have low efficacy [4] .
One way forward is to either increase the reach of intensive, low-reach interventions or the efficacy of less intensive, high-reach interventions [5] . Tailoring of information has been shown to increase effectiveness of low intensity interventions such as self-help materials [6] but these do not allow smokers to interact as they can in face-to-face interventions. With advances in computer-based communication technologies, the Internet now offers the potential to combine the efficacy of intensive treatments with the advantages of wide-reaching interventions through incorporating interactive responses [7] and thus adopting some of the features of face-to-face contact [8] . Moreover, Internet-based interventions can exploit economies of scale and are therefore potentially very cost effective [9] .
Currently, around 75% of the population in industrialised countries and around 10% in the rest of the world have access to the Internet [10;11] , and these proportions are likely to rise further. Online support for smoking cessation therefore represents a viable resource for smokers wanting to stop, especially because it can be accessed at any time from anywhere where there is an Internet connection [12] . However, studies of online smoking cessation resources find great variability in quality and acceptability: up to 80% of reviewed websites provided no information on key components endorsed by smoking cessation clinical guidelines [12] . Consequently, many users report being unsatisfied with Web-based smoking cessation interventions, finding them confusing and unhelpful [13] . Moreover, despite an increase in the number of online interventions, relatively little is known as to how and why these interventions work and which factors influence their effectiveness [14] .
Several reviews have evaluated the use of Internet-based interventions to change health behaviours, including physical exercise, weight loss, disease management and prevention [see 15;16;17;18;19] . While treatment efficacy differs with the health behaviour that is targeted, these reviews generally support the usefulness of Web-based interventions for health promotion. Two reviews that focused exclusively on smoking cessation interventions [20;21] concluded that computer-based, including Web-based, interventions have the potential to increase smoking cessation rates. However, both reviews included interventions that, although computer-based, were not interactive or delivered online.
The delivery and content of websites is not regulated [22] and it is easy to imagine how variability across websites could make generalisations about this type of intervention problematic. However, it is possible to assess the potential for this kind of intervention to provide smoking cessation support by examining the efficacy found in rigorous evaluations carried out to date. To our knowledge, this is the first meta-analysis to evaluate the efficacy of interactive, online smoking cessation interventions compared with either low-efficacy interventions with high potential reach (e.g. self-help materials such as booklets) or with high-efficacy interventions of low potential reach (e.g. face-toface counselling). This review also includes studies not covered in other published reviews. Moreover, we aimed to clarify possible mechanisms of action by identifying potential moderators and mediators (i.e. specific intervention components) of the treatment effect.
METHODS

Study selection
To be included in this review articles had to be in English, published since 1990, have a randomized controlled trial (RCT) design with at least one month follow-up assessing smoking cessation and participants had to be current smokers at enrolment. In order to differentiate the potential of Internet-based interventions from traditional self-help material, only interventions that made use of the interactive nature of the Internet were included. Multiple follow-up studies that used data from the same cohort of participants were excluded to avoid bias in effect estimates [23] . Studies providing insufficient detail/data and those focusing on secondary outcomes (such as training health professionals involved in providing smoking cessation interventions) were also excluded. correlation coefficient, which are used to quantify publication bias [35] , were nonsignificant, suggesting that no file drawer effect was present.
Data source and search strategies
Data extraction and analysis
Data were extracted manually and recorded on a data extraction sheet to minimise bias when coding and rating studies [36] . Results were analysed with RevMan [37] and presented as rate ratios and, where appropriate, risk difference was calculated. The extent of heterogeneity between study outcomes was assessed using the I 2 statistic, which is based on Cochrane's Q but is more robust and thus suitable for smaller metaanalyses [38] . Where appropriate, studies were pooled with the Mantel-Haenzel method using random effect rather than fixed effect models to maximise accuracy of parameter estimation [39] .
Study Quality
Attrition rates tend to be high in Internet-based interventions [40] . Indeed, attrition in studies varied widely ( Table 1 ), suggesting that some of the results would be affected by attrition bias. All studies (except [32] ) therefore used an intention-to-treat analysis. The methods of recruitment and the populations sampled were reasonably homogeneous ( Only one study [24] detected baseline differences between groups but information on socio-demographic and smoking characteristics was lacking for a number of study samples (Table 3 ). Treatment and control group content were often not well matched (Tables 1, 2 and 3) . This imbalance between control and intervention conditions makes it harder to evaluate whether differences between groups were due to the intervention or confounding variables such as direct contact time.
Details on statistical procedures was often missing ( [30;32] were in danger of Type II error because they were severely underpowered (N<100 per group).
RESULTS
Study Description
All eleven reviewed studies were published since 2005, included a total of 15,511
participants and most (N=8) were carried out in the USA (Table 2 ). Participants were largely recruited from the general population; with the exception of two studies [24;30] that targeted college students and adolescents. While most trials required participants to intend to stop smoking to be eligible, four studies did not explicitly state or require that smokers had to be willing to stop (Table 2) . Table 2 about here Studies included mainly white, female smokers with at least high school education of a wide age range (Table 3 ). There was great variability in cigarette consumption as some studies [notably 24] included non-daily smokers; however, smokers in most studies consumed at least ten cigarettes a day.
The majority of RCTs compared an interactive Internet-based intervention with either a minimal control condition (booklet or a static website containing information derived from standard smoking cessation material) or with a waiting-list control (Table 2) . Two studies compared an interactive, Internet-based intervention with face-to-face counselling [30;32] and two RCTs [27;32-this study had two control conditions] evaluated the efficacy of an Internet intervention as an adjuvant to a behavioural intervention compared with the behavioural intervention alone. Two further studies contrasted an interactive Web-based control intervention with an interactive online intervention that was 'enhanced' by either including more targeted, comprehensive material [28] or by having additional treatment components [29] (Table 2) .
As a minimum, all interventions included baseline and follow-up assessments to tailor provision of information, structure quit plans and deliver relapse prevention advice.
Tailoring (the iterative and ipsative use of input information to structure output) is only one way to make use of the inherent interactive nature of the Internet; most studies (N=8) also employed emails and/or text messages to contact participants periodically and to provide support material. In addition, they supplied links to other websites with further information and used quizzes to consolidate disseminated information. Four studies used reminder phone calls or emails if participants had not been in contact for a predetermined period of time (Table 2) . Table 3 about here Six interventions were fully automated; the remainder contained some opportunity for smokers to interact with 'peer coaches' or 'experts' to ask for advice, as well as allowing participants to interact with peers via chat rooms ( concomitant pharmacotherapy while one study [33] only included participants that had purchased NRT over the counter.
The majority of intervention programs were loosely based on evidence-based practice guidelines [41] , social cognitive theory [42] , emotional writing paradigm [43] and the stages of change model [44] . Overall, the length of treatment varied considerably from 10 weeks [33] to one year [25] , as did follow-up duration (Table 2 and 3) .
There was variability in the control conditions provided (Table 3) . Only four studies compared the Web-based intervention with an equivalently complex control intervention [28-30;32] . A number of studies attempted to mimic the intervention in the control condition by providing a static website containing general information about smoking and smoking cessation based on standard smoking cessation manuals and booklets (Table   2 ). Two studies offered only minimal [24] or no control intervention [34] . 1.4-2.3, p<0.001, Sub-category 2). However, the effect in studies with a static website control was non-significant and heterogeneous (Sub-category 3) as this included a large trial [31] that did not detect a treatment effect. This study found differences in access to different websites used in the intervention condition; participants randomized to the most highly accessed intervention websites had significantly higher point-prevalence (but not continuous) abstinence rates than those randomized to the other websites. In a subanalysis that included only participants allocated to the heavily utilized intervention websites, we found that heterogeneity was no longer significant and results supported the treatment effect of tailored, interactive smoking cessation websites (RR 1.2, 95%CI
Study Outcomes
1.1-1.4, p<0.001, Sub-category 3a).
Figure 2 about here
As about half of people that are continuously abstinent at six months achieve long-term smoking cessation, these data can be used to estimate permanent abstinence rates [45] .
We therefore pooled the results of studies that provided half-year follow-up data on the percentage difference in success rates [24] [25] [26] . There was little heterogeneity; a random effects model suggests that interactive, online interventions increased abstinence by 17% (95%CI 12-21%) effectively doubling smoking cessation rates compared with minimal control conditions (RR 1.9, 95%CI 1.9-2.6, p<0.001; Figure 3 ). However, it
should be noted that these data are based on point prevalence not continuous abstinence rates, which is likely to result in greater relapse rates.
Two studies compared an interactive Internet intervention with either face-to-face counselling [30] or face-to-face motivational interviewing [32] . Neither study found evidence that the Internet intervention increased smoking cessation rates compared with the control intervention (RR 0.6, 95%CI 0.3-1.1; Figure 3 , Sub-category 1). Similarly there was no evidence that Web-based interventions increased abstinence in smokers also using face-to-face interventions (RR 1.3, 95%CI 0.8-2.1; Figure 3 ; Sub-category 2).
However, the aggregate sample size in both these cases was small so the power to detect an effect would be very limited. Intention to stop smoking is an important putative moderator of intervention effectiveness. Pooled results from trials that did not require participants to intend to stop smoking in the near future (N=4, 1.0-1.7, p=0.04).
As all interventions tested contained multiple components, it is important to try to determine which of these influenced outcomes. When pooling studies according to the length of treatment provided (see Table 3 ), there was no clear association with increased cessation rates. The pooled results of studies that were fully automated (N=6, Table 2) showed a treatment effect (RR 1. Lastly, in trials where this was assessed, a greater frequency of use of the provided Internet intervention was associated with higher abstinence rates. However, it was not possible to evaluate further moderators and mediators as interventions were both too diverse and did not provide sufficient detail to carry out further subanalyses.
Website utilization and satisfaction
As shown in Table 4 , loss to follow-up and drop-out from the Web-based smoking cessation interventions was high, which is mirrored when looking at the usage of interactive websites. The proportion of users allocated to the treatment condition that logged on at least once was reasonably high (e.g. 70.2% [34] [33] .
DISCUSSION
Any meta-analysis, such as this, that considers a very diverse and heterogeneous set of interventions will necessarily be limited in the generalisability of its conclusions.
Moreover, given the lack of detailed description of interventions further complicates the analysis and evaluation of mediating and moderating effects. However, using stringent inclusion criteria and classifying interventions according to methodological similarities provides at least some measure of control and insight into the relative efficacy of the interventions. Studies evaluating tailored, interactive Internet interventions compared with untailored written or Web-based material detected a significant treatment effect across different follow-up times and treatment schedules; online interventions tested so far increased abstinence rates by an estimated 17 percentage points (95%CI 12-21%) at six months follow up. Given that unaided quit attempts result in abstinence rates of less than 5% at six months [46] , Internet interventions have the potential to more than double long-term abstinence rates. Moreover, the treatment effect of Web-based smoking cessation interventions appears relatively stable over time as differences in cessation rates between control and treatment groups did not dissipate at subsequent follow-ups.
These results compare favourably with findings from meta-analyses evaluating other smoking cessation interventions of similar potential reach, which typically increase abstinence rates by between one and three percent [47] [48] [49] . However, whilst RCTs that directly compared Internet interventions with self-help materials found a clear treatment effect, no direct comparisons with telephone counselling or brief advice were available.
Abstinence rates from Internet interventions were comparable to those usually obtained from more intensive, low reach interventions such as face-to-face individual or group counselling [50;51] . Indeed, there were no differences in cessation rates in trials that directly compared Internet-based interventions with face-to-face counselling but these studies had small samples. Adding an online smoking cessation intervention to behavioural treatment or enhancing Internet interventions did not confer any additional benefits. It therefore appears that online Internet interventions for smoking cessation have the potential to combine the wide reach of less intensive interventions with the greater efficacy of face-to-face counselling. Findings from a study evaluating the efficacy of online interactive smoking cessation treatment for smokeless tobacco users indicate that such interventions can also be effective for other forms of tobacco use and different groups of smokers [52] . This is in agreement with the overall efficacy of interventions that were included in this review, which targeting diverse populations including adolescents.
Similar to earlier reviews [15;21] we found considerable heterogeneity in the theoretical basis of interventions and no common rationale for the inclusion of various treatment components. As previously reported [6] , tailoring of information was effective.
Comparison with static websites suggests that an interactive user interface boosts the treatment effect although it is unclear what form of interaction is required to confer this benefit. While it has been speculated that chat forums could aid smoking cessation through the provision of additional social support [53;54] , it appears that completely automated interventions may be more effective. There was no evidence that increasing treatment complexity improved cessation rates but this could reflect a ceiling effect as all reviewed interventions were already highly complex. However, reducing the complexity of interventions can lead to a reduction in treatment efficacy [55] , thus striking the right balance between user involvement and treatment intricacy is important for determining the impact of an intervention.
Few treatment moderators and mediators were explicitly examined in studies. While insufficient description precluded an in-depth analysis of moderator and mediator effects, stratifying studies according to common methodological characteristics allowed some delineation of possible moderating effects. There was generally no impact of sociodemographic characteristics but motivation to quit appeared to influence the success of interventions. This lack of socio-demographic moderators may be surprising; however,
given that all interventions attempted to match the provided treatment according to target population characteristics, one would not expect a differential outcome between various subgroups. This is in agreement with previous research that found few sociodemographic moderating variables and perceived relevance of the intervention as the only mediator of successful cessation [56] .
Although there is considerable variability in the quality and usability of existing online interventions [13] , use of, and reported satisfaction with, Web-based smoking cessation interventions was generally high. Nonetheless, usability testing by potential users of online programmes, rather than just by smoking cessation and Web development experts, is likely to further improve existing online interventions [57] .
Internet-based health interventions provide obvious methodological challenges [58;59] that need to be acknowledged. First, biochemical outcome validation is impractical in
Internet-based interventions as they span large geographic areas and due to little contact between treatment provider and client generally acknowledged not to be necessary [60] . Interestingly, studies that did validate abstinence did not report a difference in deception rate between intervention and control conditions [24;30] . Second, the use of the Internet as a medium for delivering interventions may bias against people with low computer literacy; i.e. introduce a 'digital divide' [58] . However, as the sociodemographic correlates of the digital divide have become blurred [61] , Web-based interventions have increasingly shown their potential to involve users commonly excluded from research [62] .
Third, the representativeness of trial participants needs to be established as substantial differences exist between smokers that are approached to participate and those that enrol with Internet smoking cessation trials [63] . Only two studies in this review compared characteristics of study participants with those of smokers who were approached or with the general population [30;31] . Another issue is the ability of Internet based interventions to attract and retain participants in research trials [64] ; underlined by the fact that most of the included trials were underpowered due to a small sample and high attrition. This is likely to have undermined what can reliably be said about the magnitude of observed effects. Lastly, the relatively small number of included studies and variable methodological quality somewhat limits the generalisability of the reported findings. As with many behaviour change interventions [65] , most studies provided inadequate detail on treatment characteristics and more needs to be done to improve reporting. In particular, most studies provided little information about structural factors that may be of importance to website users such as the navigational, organisational and graphic interface or pacing, the impact of which could therefore not be examined in this review.
With these caveats in mind, it appears that online interventions for smoking cessation are acceptable to users and of superior efficacy to other wide-reach interventions.
Current, limited evidence also suggests that online interventions may have similar efficacy to face-to-face interventions. The impact of Web-based smoking cessation interventions on quit rates seems to be relatively long-lasting and appears to be mediated by appropriate tailoring of information and personalising the experience through interactive online components. Web-based Internet interventions seem particularly effective for smokers intending to quit but few other differentiating factors were observed. Some methodological concerns exist. It would be desirable for future trials of online smoking cessation interventions to provide adequate description, to evaluate the actual reach of interventions and the representativeness of included participants and to clearly delineate theoretical underpinnings of included components.
More research is required to confirm the relative efficacy of interactive online interventions compared with static websites and face-to-face counselling. 
Tables
